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Two methods for undertaking subjective evaluation were compared: a pairwise dissimilarity
task (PDT) and a projective mapping task (PMT). For a set of unambiguous, synthetic, audi-
tory stimuli the aim was to determine: whether the PMT limits the recovered dimensionality
to two dimensions; how subjects respond using PMT’s two-dimensional response format; the
relative time required for PDT and PMT; and hence whether PMT is an appropriate alterna-
tive to PDT for experiments involving auditory stimuli. The results of both Multi-Dimensional
Scaling (MDS) analyses and Multiple Factor Analyses (MFA) indicate that, with multiple par-
ticipants, PMT allows for the recovery of three meaningful dimensions. The results from the
MDS and MFA analyses of the PDT data, on the other hand, were ambiguous and did not
enable recovery of more than two meaningful dimensions. This result was unexpected given
that PDT is generally considered not to limit the dimensionality that can be recovered. Par-
ticipants took less time to complete the experiment using PMT compared to PDT (a median
ratio of approximately 1:4), and employed a range of strategies to express three perceptual
dimensions using PMT’s two-dimensional response format. PMT may provide a viable and
efficient means to elicit up to 3-dimensional responses from listeners.
0 INTRODUCTION
Subjective testing is important for a number of con-
texts such as product development in the consumer mar-
ket, auditory assessment of sound quality, and psycholog-
ical research. Many methods have been developed, each
with their own relative advantages and disadvantages [1].
Two such methods are considered in the current study:
The Pairwise Dissimiliarity Task (PDT), which is a tradi-
tional method requiring participants to rate the perceived
differences between pairs of stimuli [1]; and the Projective
Mapping Task (PMT), which requires participants to posi-
tion icons or objects representing each stimulus in a two-
dimensional space according to the relative perceived sim-
ilarities and differences between the stimuli [2]. Projective
mapping in particular is becoming increasingly popular in
the sensory sciences [3].
0.1 The Pairwise Dissimilarity Task (PDT)
In the PDT, participants compare each stimulus with
each of the other stimuli, one pair at a time [1]. Whilst
this method directly generates a set of dissimilarity data
between each and every pair of stimuli, the experiment du-
ration can be prohibitively long. The number of compar-
isons (C) to be undertaken by the subject can be calculated
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using C = n(n− 1)/2 where n = the number of stimuli in
the stimulus set [4]. Hence, the number of comparisons is
proportional to n2/2: meaning that the number of compar-
isons increases significantly as the number of stimuli in-
creases. For example, for 5 stimuli only 10 comparisons are
required, but for 15 stimuli 105 comparisons are required.
This is compounded by the fact that, for common types
of analysis such as Multi-Dimensional Scaling (MDS), a
minimum number of stimuli per dimension is required to
achieve stable results. Schiffman and Knecht advised that
eighteen stimuli be used for three dimensions (i.e. six per
dimension) [5], whereas Davison et al. suggested that five
stimuli per dimension is acceptable depending on the na-
ture of the stimuli [6]. In addition to the concomitant ex-
pense associated with long experiments, a further conse-
quence is participant fatigue, which may affect the quality
of the data [7]. To combat fatigue, tests may be split into
a number of sessions. Even so, the participants may ex-
perience a learning curve as their rating strategy evolves
throughout the course of the test [8], and this lack of strate-
gic consistency may also adversely affect the data. PDT
does not usually allow participants to revisit, review, or re-
vise their decisions, so ratings cannot be updated to reflect
this later learning.
Therefore, there is a need for quicker, more efficient
methods for collecting dissimilarity data, methods which
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potentially also allow participants to revisit, review, and re-
vise their responses during the test [9].
0.2 The Projective Mapping Task (PMT)
PMT, of which ‘Napping’ is a specific example [10], is a
relatively new psychological measurement method intro-
duced in the mid 1990s [11]. In PMT the participant is
required to position markers that represent the stimuli in
a two-dimensional space according to how they perceive
the stimuli to be related to each other [2]. Two stimuli are
placed close to each other if they are perceived as similar
and far from one another if they are perceived as differ-
ent. A participant’s PMT arrangement is recorded using a
coordinate system, from which the Euclidean distances be-
tween each of the stimuli can be measured [12]. Scavone
et al. explain how PMT is an effective alternative to PDT
[13], especially with regards to reducing subject fatigue. In
addition, it is argued that the ability to adjust the responses
and revisit previously decided inter-stimulus relationships
increases the consistency of judgements.
Risvik et al. consider that PMT is sufficiently intuitive to
be used in applications with children [14], where less de-
veloped language abilities may be an obstacle in traditional
scaling exercises: data collection methods should be easy
to understand and not laborious for the participants. Re-
search by King et al. indicated that some participants were
hesitant when first presented with PMT [12], though this
hesitance was reported to have soon evaporated, and most
of the untrained assessors apparently found the task to be
‘interesting and less difficult than they had anticipated’.
The main disadvantage of PMT is that the resulting data
is inherently restricted to two dimensions [4]. Analysis of
a single PMT dissimilarity matrix can therefore only reveal
the original two-dimensional graphical arrangement made
by the subject. In order for MDS or MFA to recover more
than two dimensions, an analysis of a number of PMT re-
sponses is required [4].
0.3 Discussion
Despite PDT being the traditional method of deriving
data for MDS, there are a number of disadvantages to this
technique as discussed above. On the other hand, there is
no indication that data acquired using PDT is limited in
recoverable dimensionality [15]. In contrast to PDT, there
has been some debate as to whether data acquired using
PMT can be analyzed to recover more than two dimensions
[11]. Using visual stimuli, Nestrud and Lawless found that
by combining results over a number of participants, three
dimensions could be interpreted [11]. Inspection of the in-
dividual results indicated that this was partially due to par-
ticipants attending to differing pairs of dimensions from the
three in which the stimuli varied (e.g. rating the differences
in color and shape whilst ignoring size). Some subjects at-
tempted to find alternative solutions to represent the three
dimensions, including representing a dimension using the
radius from the centre of the response sheet.
The majority of the studies outlined above have em-
ployed PMT for either visual stimuli or in the area of food
science; little study has been undertaken into PMT for psy-
choacoustics. One example of the technique in audio [16]
utilized PMT to evaluate loudspeaker perceptual quality;
when this paper was presented an audience member ques-
tioned whether PMT can be used to recover more than two
meaningful dimensions for auditory stimuli. In addition, it
is of interest to discover the response methods attempted
by subjects, and whether they find PMT overly restrictive.
Finally, it would be useful to determine the relative time
required for PDT and PMT methods for auditory exper-
iments, to determine whether PMT is significantly more
efficient than PDT.
Therefore, this paper compares PDT and PMT to deter-
mine: whether more than two dimensions can be recovered
from data derived using PMT; how participants respond
to PMT’s inherently two-dimensional response format; the
relative time required to complete the two tasks; and hence
whether PMT is a viable method for collecting data for ex-
periments involving auditory stimuli.
1 METHOD
1.1 Stimuli
In order to measure the relative effectiveness of PDT and
PMT for Multi-Dimensional Scaling (MDS) and Multiple
Factor Analysis (MFA), a set of stimuli were synthesized.
Three main aspects were considered: the number and na-
ture of the dimensions and the number of stimuli.
1.1.1 Number and Nature of Dimensions
To establish whether the tasks limit the number of di-
mensions that may be recovered to fewer than three, the
stimuli needed to vary in at least three unambiguous per-
ceptual dimensions. It was important that these dimensions
were perceptually orthogonal (and clearly distinct), so that
any failure of the analysis to recover all three dimensions
would be due to limitations associated with the task and/or
analysis, rather than because any of the participants failed
to identify or perceive a particular dimension. For this rea-
son the participants were intentionally primed with knowl-
edge of the number and nature of the perceptual dimen-
sions of the stimuli. This is dissimilar to the usual appli-
cation of these methods, where determining the number
and arrangement of the perceptual dimensions are the aims
of the experiment; in this case the aim was to discover
whether the experimental method limited the determina-
tion of the known perceptual dimensions.
For perceptual simplicity and clarity, the stimuli were
based on sinusoidal tones, and the perceptual dimensions
were determined from a combination of prior research and
pilot experimentation. Based on the research of Letowski,
two perceptual dimensions selected represented the two
high-level groupings of timbral and spatial characteristics
[17]. An independent variable (IV) for each was varied:
for timbre, amplitude modulation/‘tremolo’ was varied; for
spatial characteristics, the interaural presentation of each
stimulus was varied. The third perceptual dimension se-
lected was pitch: for this the frequency of the tone was var-
ied. It is known that there is often some interaction between
perceptual dimensions (e.g. [18] and [19]), however a pilot
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Fig. 1. Normalized Kruskal’s Stress for the metric and non-metric MDS analyses of the PDT and PMT data, for each participant’s
responses (faded lines) and all participants together (dashed lines).
experiment confirmed that participants could clearly and
separately identify the three perceptual dimensions used in
this experiment without difficulty.
1.1.2 Number of Stimuli
As discussed above, there is some discussion about the
number of stimuli that are required in order to enable stable
results upon analysis. In order to maximise the chance of
successful recovery of three dimensions, 18 stimuli in total
were created (six stimuli per dimension). A full factorial
design for the three IVs was employed, with two IVs hav-
ing three levels, and the third IV having only two levels. As
such, a full factorial design required 3 × 3 × 2 = 18 stim-
uli to include all possible combinations of the independent
variables. The IVs were: pitch (frequencies of 180, 240,
or 300Hz); interaural presentation (left ear only, diotic, or
right ear only); and tremolo (tremolo on or off).
1.2 Stimulus Presentation
The experiment was conducted using the SonicMapper
software [13]. For PDT this presented the participant with
buttons to play each stimulus to be compared, plus a slider
to indicate the similarity (from ‘low similarity’ to ‘high
similarity’). For PMT this presented each stimulus as a box
on a computer screen, and the subject could use the mouse
to play each stimulus and position them on the screen as
required.
This software ran on an Apple Macbook Pro with an
Apogee Duet audio interface, which was connected to a
pair of AKG Q701 headphones. The experiment was un-
dertaken in an environment free from significant visible
and audible distractions.
1.3 Procedure
Each participant was given a set of instructions explain-
ing the nature of the task that he or she was to undertake. In
order to maximise the chance of being able to recover three
dimensions, the instructions informed the subjects that the
stimuli varied in stimulus frequency, interaural presenta-
tion, and tremolo on/off state in order that they were fully
aware of the nature and dimensionality of the stimuli.
Each test was preceded by a familiarization exercise: all
18 stimuli were presented in a random order, and the par-
ticipants were encouraged to listen to all and consider the
ways in which they were similar or different. This was fol-
lowed by a short practice test to help familiarize the par-
ticipants with their respective task. This process took less
than 5 minutes for each listener. Subjects were encouraged
to take their time both for the familiarization exercise as
well as the real test, and a stopwatch was used to record
the time taken for each to complete the main task.
1.4 Participants
The listening panel comprised 24 participants, all of
whom were undergraduate, audio engineering and music
(Tonmeister) students at the Institute of Sound Record-
ing at the University of Surrey, UK. They may be consid-
ered ‘discerning’ participants with prior listening test ex-
perience, training in critical listening, and strong musical
ability. Neher et al. indicate that while more experienced
participants may be more consistent, there is no guarantee
that they will be representative of the ‘average’ participant
[20]. However, it was felt that using ‘discerning’ partici-
pants with prior listening test experience would maximise
the chance of recovering three dimensions. The 24 partic-
ipants were randomly assigned to one of the two tasks:
twelve participants undertook PDT and the other twelve
undertook PMT. Although no evaluation was undertaken
to check the homogeneity of the two groups, we ensured
that all listeners could identify the perceptual dimensions
of the stimuli.
2 RESULTS
The data included the x,y co-ordinates from the PMT,
the dissimilarity ratings (direct dissimilarity ratings for
PDT and measured Euclidean distances for PMT), and the
duration that it took each subject to complete the rele-
vant task. Two types of analysis were undertaken: Multi-
Dimensional Scaling (MDS), and Multiple Factor Analysis
(MFA). The details of, and results from, these analyses will
now be discussed in turn.
Fig. 2. The non-metric CMDS 3-dimensional solution for participant 9’s PDT data, showing dimension 1 vs dimension 2 in the left plot,
and dimension 1 vs dimension 3 in the right plot. The points are labelled with a stimulus code: On/Off refers to the tremolo; 180/240/300
refers to the frequency; and L/C/R refers to the interaural presentation.
Fig. 3. The non-metric CMDS 3-dimensional solution for participant 12’s PDT data, showing dimension 1 vs dimension 2 in the left
plot, and dimension 1 vs dimension 3 in the right plot. The points are labelled with a stimulus code: On/Off refers to the tremolo;
180/240/300 refers to the frequency; and L/C/R refers to the interaural presentation.
2.1 Analysis - MDS
In order to analyze the data from such methods, Multi-
Dimensional Scaling (MDS) is often employed in or-
der to recover the underlying dimensionality of the stim-
uli [21, 22, 23]. MDS is a statistical data analysis tech-
nique that aims to determine the multidimensional spa-
tial/graphical representation of the distances, differences or
dissimilarities between underlying dimensional constructs
in data [24].
The dissimilarity ratings for PDT and the measured Eu-
clidean distances for PMT were analyzed using MDS al-
gorithm ALSCAL using SPSS24 by IBM. For individ-
ual result sets (each of the participants’ responses ana-
lyzed separately) classical MDS (CMDS) was employed,
and for the combined analysis of data from all participants
weighted MDS (WMDS) was employed. The MDS algo-
rithm ALSCAL was used as it can undertake both CMDS
and WMDS. This way, results from individual participants,
as well the results from the two groups, may be analyzed
and compared. The data resulting from PDT cannot be as-
sumed to be Euclidean [25], so both metric and non-metric
CMDS (for individuals) and WMDS (for all participants
together) were undertaken.
The main factor of interest in the experiment was the
number of meaningful dimensions that could be recov-
ered from the data. The number of resulting dimensions
is typically determined based on measures of ‘goodness of
fit’ that indicate how successfully an MDS model fits the
original data against different dimensionalities [8]. In the
case of the ALSCAL algorithm the predominant metric is
Fig. 4. The non-metric WMDS 3-dimension solution for all participants’ PDT data, showing dimension 1 vs dimension 2 in the left
plot, and dimension 1 vs dimension 3 in the right plot. The points are labelled with a stimulus code: On/Off refers to the tremolo;
180/240/300 refers to the frequency; and L/C/R refers to the interaural presentation.
‘Kruskal’s Stress’ [20]. A distinct change (a knee) in the
gradients of the curves for Stress, as the number of dimen-
sions is increased, can be used to identify the dimensional-
ity of the data [15]. It is worth noting that such metrics as
Stress can sometimes be misleading, and the perceptual rel-
evance of the resulting dimensions may also be interpreted
by visual examination of the solution [20]. Specifically, the
perceptual structure of the stimuli in this experiment is ex-
pected to conform to three dimensions: stimulus frequency,
interaural presentation, and presence of tremolo. Hence, in
addition to the measures of goodness-of-fit, the resulting
MDS structures were also visually examined, ensuring that
the MDS solutions were rotated through all permutations
(as the resulting axis orientation is arbitrary), to determine
whether the represented dimensions were meaningful and
met the expectations for the underlying perceptual dimen-
sions.
2.2 PDT results
The PDT data were analyzed separately for each par-
ticipant using both metric and non-metric CMDS. An
overview of the Stress values for solutions with 1 to 5 di-
mensions for each participant’s results is shown in Figure 1
(the faded lines in the two leftmost plots). For the metric
analysis, it can be seen that there is some indication of a
knee at two dimensions (although we know the participants
could perceive three dimensions), and for the non-metric
analysis, there is no clear knee indicated for most partic-
ipants. Hence, it is difficult to confidently ascertain how
many meaningful dimensions have been recovered using
the metric and non-metric CMDS analyses.
The resulting non-metric CMDS 3-dimensional solu-
tions were also visually inspected. The results for the par-
ticipant that showed the most likely knee point for a 3-
dimensional solution is shown in Figure 2. It can be seen
that there are clear groups in dimensions 1 and 2 sepa-
rated by stimulus frequency, and in dimension 3 by tremolo
on/off. However, the interaural presentation of each stim-
ulus is not clearly differentiated on these three dimensions
(or when the dimensions are rotated). It was found that the
data from only one participant could be meaningfully rep-
resented in three dimensions in the CMDS analysis, and
this is displayed in Figure 3. It can be seen that the stimu-
lus frequency is spread across dimension 1, the interaural
presentation is spread across dimension 2, and the tremolo
on/off is spread across dimension 3. Further investigation
showed that for most participants, a dimension relating to
the interaural presentation could not be derived from the
data.
The PDT data from all participants were then analyzed
using metric and non-metric WMDS, and the Stress val-
ues for solutions with 2 to 5 dimensions are shown by
the dashed line in the two leftmost plots in Figure 1. As
with the individual participant results, there is no clear knee
point.
The WMDS solutions were also visually inspected, and
the non-metric three-dimensional solution is shown in Fig-
ure 4. It can be seen that the groupings/clusters of stimuli
associated with dimension 1 correspond with tremolo on
or off from right to left respectively. The vertical group-
ings/clusters associated with dimension 2 correspond to the
stimulus frequency. However, the clusters in dimension 3
also correspond with the stimulus frequencies (240Hz low,
300Hz and 180Hz grouped together at the top). The in-
teraural presentation is not clearly differentiated in these
results (or when the dimensions are rotated).
Whilst metric and non-metric WMDS of the PDT data
allowed for the recovery of tremolo (on/off) and stimulus
frequency (180Hz, 240Hz, 300Hz), it did not successfully
allow for the recovery of the interaural presentation. There-
fore, it appears that WMDS analysis of the PDT data did
not allow for the full recovery of the three dimensions.
Fig. 5. The non-metric WMDS 3-dimensional solution for all participants’ PMT data, showing dimension 1 vs dimension 2 in the left
plot, and dimension 1 vs dimension 3 in the right plot. The points are labelled with a stimulus code: On/Off refers to the tremolo;
180/240/300 refers to the frequency; and L/C/R refers to the interaural presentation.
2.3 PMT results
The PMT data were analyzed separately for each partic-
ipant using metric and non-metric CMDS. An overview of
the Stress values for solutions with 1 to 5 dimensions for
each participant’s results is shown in Figure 1 (the faded
lines in the two rightmost plots). The individual results
show a clear knee point at two dimensions for the metric
solution, indicating that a two-dimensional solution is op-
timal. This is expected: PMT limits the subject to a two-
dimensional response format. The non-metric results are
less clear, although half the results still indicate a two-
dimensional solution is optimal (although we know the par-
ticipants identified three dimensions).
The PMT data from all participants were then analyzed
using metric and non-metric WMDS, and the stress val-
ues for solutions with 2 to 5 dimensions are shown by the
dashed lines in the two rightmost plots of Figure 1. Unlike
the similar analyses for PDT, a knee point is apparent that
indicates the three-dimensional solution to be optimal for
both metric and non-metric WMDS analyses of the PMT
data.
The WMDS solution was also visually inspected, and
it was apparent that three meaningful perceptual dimen-
sions could be recovered from the PMT data. As can be
seen in Figure 5, the groupings/clusters of stimuli associ-
ated with dimension 1 correspond with stimulus frequency
(high frequency to the left, low to the right). Dimension 3
corresponds with interaural presentation: Stimuli presented
solely to the left ear correspond with low values on dimen-
sion 3, diotic stimuli are shown in the middle, and stimuli
presented solely to the right ear are shown towards the top.
The groupings/clusters associated with dimension 2 corre-
spond with with tremolo. Stimuli with tremolo off are at
the bottom, and those with tremelo on are at the top. As
such, a WMDS analysis of the PMT data allowed for the
full recovery of the three dimensions.
2.4 Analysis - MFA
The data resulting from PMT is usually analysed using
Multiple Factor Analysis (MFA) [26], a method developed
to analyse data from a set of participants that can take into
account a group structure defined by the experimenter [25].
As MFA is only appropriate for analysing data from a set
of participants, the separate analysis of the results for each
participant discussed above was not undertaken.
The results from the MFA can be seen in Figure 6 (up-
per plots for the PDT data and lower plots for the PMT
data). It can be seen from the scree plot of explained vari-
ance for each dimension shown in Figure 7 that, as for the
MDS analysis, there is a clearer three-dimensional solution
for the PMT data than the PDT data. The first two dimen-
sions for the PDT data in Figure 6 show clear differentia-
tion of the tremolo on/off and stimulus frequency respec-
tively, similar to the MDS analysis shown in Figure 4. In
the MFA results (unlike the MDS), the interaural presenta-
tion can be seen to vary across the third dimension, though
as a subset of the stimulus frequency: the main grouping is
by frequency (180Hz and 300Hz at the top and 240Hz at
the bottom), though within each of these groups there is a
consistent order of interaural presentation (L, C, R, respec-
tively from top to bottom).
For the PMT data, three clear dimensions can be seen,
where dimension 1 = stimulus frequency, dimension 2 =
tremolo on/off, and dimension 3 = interaural presentation.
This is similar to the MDS analysis, though the dimension
order is altered.
2.5 Duration results
The duration results are shown as box-plots in Figure 8.
It can be seen that the time taken for PMT was significantly
less than that for PDT: the median values being 7 minutes
15 seconds for PMT and 31 minutes for PDT. In all cases,
PMT took less time than PDT: the range of times taken for
PMT was 5 minutes 10 seconds to 18 minutes, whereas the
Fig. 6. The MFA 3-dimension solution for all participants’ a) PDT data (upper plots) and b) PMT data (lower plots), showing dimension
1 vs dimension 2 in the left plots, and dimension 1 vs dimension 3 in the right plots. The points are labelled with a stimulus code: On/Off
refers to the tremolo; 180/240/300 refers to the frequency; and L/C/R refers to the interaural presentation. The circular (black) points
indicate results for individual stimuli, the square (red) points indicate the grouped results for each factor.
Fig. 7. The scree plot of explained variance for each dimension of the MFA, for the PDT data (left plot) and the PMT data (right plot).
range of time taken for PDT was 27 minutes to 35 minutes.
Hence, PMT took a median duration of approximately 1/4
of PDT, and even taking the smallest differences PMT still
took only 2/3 of the duration of PDT. PDT took over half
an hour for most participants to complete; this duration is
therefore towards the range for which participant fatigue
may become an issue, though for this experiment is within
the recommended limit of 30 to 40 minutes before a break
is required [1, pp.302].
2.6 Discussion
The dissimilarity results were analyzed primarily to de-
termine whether three meaningful dimensions could be de-
rived from analysis of the PDT and PMT data. This was
undertaken using numerical and visual analysis methods.
It was found that one participant’s PDT data could be ana-
lyzed to recover three meaningful dimensions. However, it
was not possible to determine three meaningful dimensions
from the WMDS analysis of the aggregated PDT data from
all participants, and only a weak third meaningful dimen-
sion could be determined using MFA. This is surprising
given that (a) as discussed above, the ability of PDT to en-
able derivation of more than two meaningful dimensions is
not generally considered to be limited, and (b) the stimuli
were intentionally unambiguous, and all participants were
explicitly informed about the nature of the stimuli.
Discussions with the participants after the test indicated
that all three stimulus dimensions were clear and identifi-
able for all participants, as was intended. So why could the
analysis not recover three dimensions from the PDT data?
First, it may be that the subjects failed to adopt an effec-
tive strategy for PDT; future research ought to investigate
whether repeating the task or training the participants can
meaningfully affect this. Second, it may be that there was
too much variation between the strategies used by each par-
ticipants, leading to insufficient commonality when recov-
ering the full dimensionality. Finally, it may be that the per-
ceptual magnitude of the stimulus frequency and tremolo
dimensions was much larger than that of the interaural pre-
sentation. This could result in the differences of the former
being emphasized in the responses, and the interaural pre-
sentation judgements becoming of similar magnitude to the
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Fig. 8. Box-plot of the task duration (minutes:seconds).
judgement error or noise. This is considered unlikely given
that all three dimensions could be retrieved from the PMT
data; however it would still be of interest to repeat this ex-
periment with other stimulus sets.
For the PMT data, as expected only two dimensions
could be derived from each participant’s responses with
CMDS. However, WMDS and MFA were able to success-
fully derive three meaningful dimensions from the PMT
data from the group of participants. Hence it appears that
PMT does not restrict the resulting solution to two dimen-
sions, as long as multiple responses are aggregated in the
analysis.
It is of interest to further consider why more than
two dimensions could be recovered from a 2-dimensional
response format. Examination of each individual partic-
ipant’s results indicates that the participants attempted
to communicate the three perceptual dimensions using a
range of varied strategies, as has been found previously
[27]. Most participants tended to use sub-categories to ex-
press the third dimension, such as the examples shown
in Figure 9a and Figure 9b. In Figure 9a dimension 1 is
tremolo on/off, and dimension 2 is stimulus frequency. The
interaural presentation is expressed as a sub-category of
dimension 1. In Figure 9b, dimension 1 is the interaural
presentation, dimension 2 is tremolo on/off, and stimulus
frequency is a subcategory of dimension 2.
Whilst the sub-category representation was most com-
mon, there were other representations used. For example,
participant 6 (shown in Figure 9c) employed a radial rep-
resentation where dimension 1 related to the stimulus fre-
quency, dimension 2 related to the interaural presentation,
and tremolo on/off was represented by the distance from
the center; a similar strategy was found previously [11]. A
final strategy worth noting was one employed by partici-
pant 8 (shown in Figure 9d). This appears to combine a
radial and a sub-category layout, with stimulus frequency
represented on dimension 1, interaural presentation repre-
sented on dimension 2, and tremolo on/off represented as a
radial sub-category.
It appears, therefore, that a range of strategies were em-
ployed for PMT, and there were different layouts within
these strategies. For the sub-category representations, the
attribute chosen to be represented as a sub-category dif-
fered (e.g. interaural presentation for Figure 9a and stim-
ulus frequency for Figure 9b). Also, differing methods
were selected for representing the sub-categories (e.g. ver-
tical, horizontal, or radial). Finally, not all participants used
a sub-category representation. Hence, three dimensions
could be retrieved using WMDS analysis of the PMT be-
cause of the differences between the strategy used in each
participant’s responses.
2.7 Limitations and Further Work
The sample size limits the confidence in the interpreta-
tion of the results; it may be that with additional partici-
pants a meaningful 3-dimensional solution could be found
using PDT. However, given that all participants fully iden-
tified the dimensionality of the stimuli (indeed, they were
told what the dimensionality was at the start of the test),
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Fig. 9. Example 2-dimensional MDS analyses from the PMT data of 4 participants: a) participant 5; b) participant 10; c) participant 6;
and d) participant 8.
and given also that the WMDS and MFA successfully re-
covered the dimensionality of the data for the PMT, in
some ways the small sample size speaks for the efficacy
of recovery. In other words, it might be argued that PMT
allowed for full recovery of the dimensionality in spite of
the limited sample size.
A further limitation relates to the generalizability of our
results, given the nature of the experimental design. The
fact that listeners were informed a priori of the number and
nature of the perceptual dimensions helped us to isolate
potential sources of limitation in the methodology. How-
ever, in most real-world applications, the purpose of PDT
and PMT is to provide information about the perceptual di-
mensions without priming the participants beforehand. Ad-
ditionally, the nature of the stimuli for these experiments
were purposefully chosen to be perceptually unambiguous.
It therefore remains to be seen as to how well PMT trans-
lates to real-world problems where the stimuli vary accord-
ing to more complex perceptual dimensions.
3 CONCLUSIONS
This paper compared two methods of generating data
for analysis: PDT and PMT. The aims were to determine:
whether more than two dimensions can be recovered for
data derived using PMT; how participants respond when
limited to PMT’s inherently two-dimensional response for-
mat; the relative time required to complete the two tasks;
and hence whether PMT is an appropriate method for col-
lecting data in experiments using auditory stimuli.
It was found that three meaningful dimensions could be
recovered using WMDS and MFA for data generated us-
ing PMT. However, it was not possible to recover three
clear meaningful dimensions for data derived using PDT,
apart from CMDS analysis of one particular participant’s
responses. This result was unexpected, (a) because limits
on dimensionality are most commonly discussed for PMT
rather than PDT, and (b) the participants were respond-
ing to intentionally unambiguous and orthogonally varying
stimuli.
The PMT responses were examined, and it was found
that in most cases participants developed a strategy to ex-
press the three dimensions despite the two-dimensional re-
sponse format. In some cases this was through the use of
sub-categories, in other cases radius was used as a dimen-
sion. The fact that the strategies differed allowed the three
dimensions to be derived when all participants’ responses
were combined. It was found that PDT took the subjects
much longer than PMT, with a median ratio of 4:1.
Hence, as PMT is more rapid, and does not appear to
restrict the derivation of three dimensions any more than
PDT (and in this experiment was more successful for the
derivation of three meaningful dimensions than PDT), it is
apparent that PMT is a viable method for collecting data
for MDS and MFA in experiments using auditory stimuli.
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